Background {#s1}
==========

Depression is one of the highest contributors to the global burden of disease, ranking second in terms of years lived with disability.[@R1] Moreover, depression has high costs associated with morbidity and care, costing the Canadian economy an estimated \$C32.3 billion in gross domestic product per year.[@R2] It is also the most important risk factor for lifetime suicide attempts.[@R3] Finally, individuals with depression are at greater risk of comorbidities such as cardiovascular disease and obesity.[@R4]

Physical activity has many benefits, including reduction in cardiovascular risk, body weight, visceral adiposity and improved cardiorespiratory fitness.[@R5] Current literature suggests that physical activity can be impactful in managing depression. A randomised controlled trial (RCT) including 35 inpatients with depression found that addition of adjuvant exercise treatment can be helpful in improving depressive symptoms.[@R8] Furthermore, a recent meta-analysis found exercise to have a significant effect on depression.[@R9] Thus, interventions to improve physical activity may prove to be a valuable treatment addition in depression.

As technology continues to improve and become more integrated in our lives, new mobile health innovations are arising, with some aimed at improving physical activity. In particular, wearable activity trackers were shown to be helpful in improving physical activity and weight loss in the general population.[@R10] A growing body of evidence has shown that such devices may be useful in clinical settings, such as cancer care.[@R13] Moreover, recent studies have shown that wearable devices such as the Fitbit can measure step count, stairs climbed and distance travelled with comparable accuracy to a well-validated pedometer and other consumer-level activity trackers.[@R15] The Fitbit is also capable of connecting data to personal online accounts, making it possible to collect aggregate data from these accounts given permission. As such, these devices may be useful in informing clinicians to improve management as well as for research purposes.

A small number of studies explored the use of such devices in mental health. A pilot study demonstrated the benefit of pedometer support in improving weekly step counts and overall mood for mild-to-moderate depression.[@R16] One study of 10 patients with serious mental illness demonstrated that patients were receptive and accepting of these devices.[@R17] Another exploratory study showed that increased steps measured on Fitbit wearable devices were associated with improved fitness and weight loss.[@R18] Such evidence suggests that wearable activity tracking devices may have a place in mental health treatment; however, more evidence is required to understand their value, effectiveness and for whom it might be most beneficial.

Objectives {#s2}
==========

We examined (1) the proportion of participants who perceived benefit from the Fitbit and (2) themes that led to positive and negative experiences with Fitbits.

Secondary to this qualitative analysis, we aimed to perform exploratory quantitative analysis to examine (1) how participants' baseline characteristics related to perceived Fitbit benefit and use and (2) relationships between participants' perceived benefit and (a) Fitbit use and (b) depression severity.

Methods {#s3}
=======

Participants {#s3a}
------------

The Behavioural Activation Group Program in Patients with Depression (BRAVE) study, conducted at a mood disorders outpatient clinic in Hamilton, Ontario, Canada, is a pragmatic RCT to test the effectiveness of behavioural activation (BA) in depression. The study compares a BA intervention group to a waitlist control group receiving treatment as usual. Trained clinicians delivered BA to participants randomised to receive the intervention up to twice per week over 18 weeks, for a total of 28 sessions. Each session covered different topics of BA, such as value assessment, goal setting and leisure education.[@R19]

Patients (18 years or older) with major depressive disorder were approached to participate in the BRAVE programme. This included patients who were attending or referred for an assessment at the outpatient clinic, as well as patients who were referred by community family practices. All patients with depressive disorder receiving treatment for depression, including pharmacotherapy and psychotherapy, were eligible to participate. Exclusion criteria included inability to provide written informed consent, inability to understand written and spoken English and having a primary diagnosis other than depression.

Among the 87 participants who completed the BRAVE study, 36 participants completed a face-to-face interview with a research assistant. Baseline characteristics for the participants are shown in [table 1](#T1){ref-type="table"}.

###### 

Participant characteristics

  Characteristic (n=36)                              
  -------------------------------------------------- --------------------
  Mean age (years)                                   53.11\* (SD 12.35)
  Sex (% female)                                     18 (48.7%)
  Mean baseline Beck's Depression Inventory score†   36.27 (SD 11.43)
  Mean baseline body mass index  (BMI)‡              30.16 (SD 6.04)
  Prior smartphone use (% using)                     23 (63.9%)
  Education level                                    
   University                                        13 (36%)
   College/higher education                          13 (36%)
   Secondary                                         10 (28%)

\*Data for 35 patients only due to missing entry of birth date for one patient.

†Beck's Depression Inventory scores may range from 0 to 63, where higher scores indicate higher severity of depression.

‡BMI scores are positively correlated with measures of body fat, where a BMI of 30 or higher indicates obesity.

Procedure {#s3b}
---------

Fitbit One activity trackers were provided to all participants allocated to the BA group at the beginning of the BRAVE study and email accounts were created for each participant. The patients were encouraged to carry the Fitbit, embedded in a rubber clip, at all times to track their physical activity. At the beginning of each BA session, Fitbits were collected, recharged and synced to the online accounts of their respective holders by a research assistant. The participants' weekly activity data were then exported from the Fitbit website, and a personalised printout was generated including summaries of step count, stairs climbed and distance travelled. The printouts were shared with participants as they did not have access to the online accounts to minimise data manipulation. However, the Fitbit itself can show the number of steps taken daily, which can be seen by the patient.

Data collection {#s3c}
---------------

Qualitative data were collected through individual semistructured interviews with participants within 2 months of their completion of the BA programme conducted by research assistants. The interviews lasted 30--60 min and were conducted either in person at the outpatient clinic or by telephone. All interviews were anonymised, voice recorded and transcribed verbatim. The interviews aimed to explore patients' experiences with their BA treatment and included a portion focused on their Fitbit use. Interviewers started with an open-ended question of 'how did you find the Fitbit?' and followed up further with probing questions when appropriate ([box](#B1){ref-type="boxed-text"}).BoxQualitative interview questionsMain questionHow did you find the Fitbit?Was it helpful?What did you like about the Fitbit?What did you find challenging?Other interview questions potentially related to FitbitDo you have any other suggestions of changes that might be made to improve the programme?What shouldn't they change?What was the most helpful part of the programme?Was there anything that you learnt or any activities you did in the programme that you plan to continue on your own?

Additional data such as baseline Beck's Depression Inventory (BDI) scores, pretherapy goals, familiarity with technology and other patient characteristics were collected through questionnaires facilitated by a clinician during the study intake. Data pertaining to duration of Fitbit use were exported directly from participants' online accounts from the Fitbit website. BDI scores were collected weekly throughout the study including at completion.

Qualitative analysis {#s3d}
--------------------

Two investigators (JC and MSK) independently analysed the transcriptions on Microsoft Excel to improve the breadth of perspectives. The investigators were educated in health sciences with prior clinical and research experiences. JC and MSK only interacted with patients during interviews. We based our approach on grounded theory due to its ability to systematically find in-depth themes.

After an initial round of thematic analysis, the investigators met to discuss and consolidate themes. This new list was used for a second round of independent coding. This was followed by a subsequent discussion between the investigators to reconcile conflicting findings. Sample saturation was discussed and established following the first round of analysis when no new themes emerged. The reporting of this study was in accordance with the Standards of Reporting Qualitative Research.[@R21]

Exploratory quantitative analysis {#s3e}
---------------------------------

Exploratory analyses were conducted to examine how perceived benefit related to participants' baseline characteristics, including age, BDI scores, pretherapy physical activity goals and smartphone use, as well as per cent change in BDI scores from baseline to completion and Fitbit usage. All analyses were performed using IBM SPSS Statistics V.25. Participants were first sorted into one of two groups: those who perceived benefit and those who did not. Perceived benefit was defined as having found the Fitbit helpful as reported in the interviews. Those who were ambivalent were considered as not having found the Fitbit helpful and thus sorted into the latter group along with those who found the device unhelpful. Between group differences were calculated through independent t-tests for age, baseline BDI scores, per cent change in BDI scores from baseline to completion and Fitbit usage. Fitbit usage was determined by the period during which the participant used the Fitbit. The first week in which four or more days showed use, as reflected by the number of steps recorded, was marked as the start of the usage period. The last week in which four or more days showed use was recorded as the end of the usage period.

The two groups were examined through X^2^ tests to determine if (a) self-reported pretherapy goals pertaining to physical activity and (b) familiarity with technology, as measured by previous smartphone use, were associated with perceived benefit.

Furthermore, to examine the relationships between baseline characteristics and Fitbit use, independent t-tests were used to compare physical activity goals and familiarity with technology with Fitbit usage as defined above. Pearson's correlation was employed to compare Fitbit usage with age and baseline BDI scores. Finally, Pearson's correlation was performed between average number of steps recorded on the Fitbit at week 3 of the study (when the majority of participants started using Fitbit) and baseline BDI scores.

Results {#s4}
=======

Perceived helpfulness of the Fitbit {#s4a}
-----------------------------------

Patient responses were first categorised based on the helpfulness of the Fitbit as shown in [table 2](#T2){ref-type="table"}. Twenty-three patients indicated that the Fitbit was helpful, many of which indicating that it motivated them to be more active. Seven participants did not perceive the Fitbit to have influenced their physical activity. One participant indicated that even though the Fitbit did not improve his activity levels, he still enjoyed having it. Additionally, four participants reported that the Fitbit was not beneficial for themselves, but they acknowledged how it might be helpful to others.

###### 

Patient's perspectives and quotes

  --------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Perceived helpfulness of the Fitbit           
   Helpful with physical activity (n=23)        "To be honest, the Fitbit and the steps... I'd say, jeez, I did 20 000 today, let's get 25 000 and that's usually getting out walking the dogs".
   Not helpful with physical activity (n*=*7)   "It was interesting to see but I don't know that it helped me. It didn't help me plan for anything and it didn't help me do more than I would have anyway, but I loved looking at it".
   Helpful to others but not self (n=4)         "I know when I'm active and when I'm not. I know what triggers it. Was it helpful for other people? For sure".
  Positives of the Fitbit                       
   Awareness (n=27)                             "You know if I looked and saw 6000 steps and it was the middle of the afternoon, I'm thinking, you better get going. Or if it was worse, if it was 2000 steps, okay you've been a lump all day, go out and do something".
   Peer motivation (n=3)                        "I was trying to get to the top, trying to beat the guy at the top. That was the only reason I was doing it".
   Goal setting (n=5)                           "Well it motivated to move just a little bit more. If I was really close to my goal, and it helped me see during the day if I needed to walk more or move more steps to get to my goal. So it just motivated me".
   Enjoyment (n=13)                             "I actually enjoyed looking at it, through the day, when I was at home I would be out walking my dog at night and I'd take it out and take a peek".
  Negatives of the Fitbit                       
   Inconvenient (n=12)                          "I think it was great. I thought that the cuff they supplied, that you put on and you put it into a compartment... it didn't work. Everyone had trouble with it".
   Inaccurate (n=11)                            "It's supposed to count steps -- well I did a lot more steps than that thing actually counted. I was walking up and down stairs and it barely counted any of that. Like finally I just stopped even looking at it, and couldn't care less about it".
   Discouraging (n=2)                           "It wasn't a tool for me. It wasn't a motivator for me at all. It just reinforced how much I wasn't doing".
   Disinterest (n=10)                           "Sometimes I say, I knew I didn't' do it. So I got to do it. I tell myself, sometimes I say - Oh I don't need that thing to tell me what to do".
  Plans for continued use                       
   Plans to continue (n=14)                     "I plan to get a Fitbit or some similar activity monitor".
   No plans to continue (n=3)                   "I probably would have bought it but I didn't have the money at that time".
   Undecided (n=2)                              "Possibly".
  --------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Two participants did not provide a direct response in terms of perceived benefit from the Fitbit.

Positive aspects of the Fitbit {#s4b}
------------------------------

### Self-awareness {#s4b1}

The most significant theme that emerged was that the Fitbit provided participants with greater self-awareness of their physical activity. Twenty-seven participants enjoyed the step tracking and the immediate feedback about their physical activity. Of the 27 responses, 16 participants directly attributed this aspect to changes in their behaviour. In particular, the awareness of their lack of physical activity motivated them to increase their activity levels. Other participants discovered that they were more active than they believed, which encouraged them.

### Peer motivation {#s4b2}

Three of the participants identified peer motivation as factors contributing to their increased physical activity. Some participants found that comparing results with others inspired them to improve, while one participant was greatly motivated by the desire to be the best.

### Goal setting {#s4b3}

Five participants incorporated the immediate feedback aspect of the Fitbit into their goals---that is, they made daily or weekly step goals and used Fitbits to track their progress.

### Enjoyment {#s4b4}

Thirteen participants indicated that they enjoyed using the Fitbit, mostly attributing their enjoyment of the Fitbit to the aforementioned themes. One participant indicated that while the Fitbit did not increase his activity levels, he still loved to check it for his own information. Several participants also specifically enjoyed watching the growth of the 'flower' on the Fitbit display, which grew based on increases in physical activity.

Negatives of Fitbit {#s4c}
-------------------

### Inconvenient {#s4c1}

Twelve participants found the Fitbit to be inconvenient. Many complained that the Fitbit was difficult to insert into its rubber clip, or that its small size caused it to be easily misplaced. Additionally, participants complained that the rubber of the Fitbit led to skin irritation, requiring alternative carrying methods. Moreover, as participants were not provided with their own Fitbit chargers, some complained that the battery would drain completely before their next BA session.

### Inaccurate {#s4c2}

Six participants felt that their Fitbits failed to accurately track progress during certain activities such as stair climbing or treadmill running.

### Discouraging {#s4c3}

Two participants found the Fitbit to be discouraging. One participant elaborated that the Fitbit highlighted her lack of activity, which only discouraged her further. In the other case, however, the participant felt this discouragement only initially and was eventually motivated by the Fitbit.

### Disinterest {#s4c4}

Ten participants reported having little interest in using the Fitbit. Some of these participants felt the Fitbit was unnecessary as they were already aware of their physical activity levels. Other participants reported that they were frustrated at the aforementioned negative elements.

Plans for continued use {#s4d}
-----------------------

Fourteen participants reported that they either already had or were seriously considering purchasing their own Fitbit or similar device. Two participants were unsure and three participants answered that they would not continue use---all indicating that price was the main deterrent.

Exploratory quantitative analysis {#s4e}
---------------------------------

The results of the exploratory analysis are summarised in [table 3](#T3){ref-type="table"}.

###### 

Exploratory analysis on associations between perceived helpfulness, patient factors and usage

                                                   Helpful (n=23)       Not helpful (n=13)   p Value
  ------------------------------------------------ -------------------- -------------------- ---------
  Mean Beck's Depression Inventory (BDI) score\*   35 (SD 12.81)        38.15 (SD 9.09)      0.44
  Mean per cent change in BDI score†               −21.51% (SD 33.91)   −34.75% (SD 28.79)   0.283
  Mean age in years‡                               52.57 (SD 13.90)     54.17 (SD 9.13)      0.72
  Pretherapy physical activity goals               13                   6                    0.549
  Prior smartphone use                             15                   8                    0.825
  Mean weeks used§                                 18.57 (SD 1.21)      12.27 (SD 5.76)      \<0.001

\*BDI scores may range from 0 to 63, where higher scores indicate higher severity of depression.

†Five participants were excluded due to lack of data; three had found the Fitbit helpful.

‡One participant who found the Fitbit not helpful was excluded due to lack of age data.

§Four participants were excluded due to lack of data; two had found the Fitbit helpful.

### Perceived benefit {#s4e1}

No significant differences were found in age, baseline BDI scores, per cent change in BDI scores, pretherapy goals and smartphone use between those who did and did not find the Fitbit helpful.

Average age for those who found the Fitbit helpful was 52.57 (SD 13.90) years and 54.17 (SD 9.13) years for those who did not, t(33)=−0.359, p=0.72. One participant was excluded from the analysis due to missing data.

Average baseline BDI score for those who found the Fitbit helpful was 35 (SD 12.81), while those who did not had a mean baseline BDI score of 38.15 (SD 9.09), t(34)=−0.781, p=0.44.

The mean per cent change in BDI score from baseline to completion of those who found the Fitbit helpful was −21.51% (SD 33.91) compared with a change of −34.75% (SD 28.79) for those who did not find it helpful, t(29)= 1.095, p=0.283. Five participants were excluded due to missing data.

Of the 19 participants who reported physical activity-related goals during their baseline assessment, 16 found the Fitbit helpful. No relationship was found between having such goals and finding the Fitbit helpful, X^2^=0.358, p=0.549.

Of the 23 participants who used smartphones, 15 found the Fitbit helpful. No relationship was found between smartphone use and finding the Fitbit helpful, X^2^=0.049, p=0.825.

### Fitbit usage {#s4e2}

There was a significant relationship between total Fitbit usage and perceived benefit of Fitbit. The mean number of weeks of Fitbit use for those who found the Fitbit helpful was 18.57 (SD 1.21) and 12.27 (SD 5.76) weeks for those who did not, t(30)=4.88, p\<0.01. On the other hand, there was no significant relationship between Fitbit use and physical activity goals, smartphone use or age.

The mean number of weeks of Fitbit use for those who had physical activity goals was 17.11 (SD 3.86) weeks, while those who did not have physical activity goals was 15.38 (SD 5.46), t(30)=−1.047, p=0.303.

The mean number of weeks of Fitbit use for those using smartphones was 16.95 (SD 4.03) weeks, while those who did not use smart phones was 15.62 (SD 5.33), t(30)=−0.805, p=0.427.

The correlation between age and Fitbit usage was not significant, r(30)=0.194, p=0.287. Likewise, the correlation between baseline BDI scores and Fitbit usage was also not significant, r(30)=0.009, p=0.959.

Four participants were excluded from the above Fitbit usage analysis due to missing data, two from the helpful and two from the not helpful group.

### Steps recorded {#s4e3}

There was no correlation between baseline BDI scores and average steps recorded on the Fitbit at week 3, r(34)=−0.009, p=0.960. Two participants were excluded from the analysis due to missing data.

Conclusions {#s5}
===========

Of the 36 patients undergoing the BRAVE trial who completed the interviews, we found that the majority (64%) of participants found the Fitbit to be helpful, identifying their Fitbit use as a factor in improving their physical activity level. In further elucidating perceptions of the Fitbit, various positive and negative aspects of the device were identified.

There were several positive themes related to Fitbit use. The most commonly identified was improved self-awareness, with many reporting a direct connection between this improved awareness and increases in physical activity. This is in concordance with literature on the general population which highlights improved awareness as the functional basis for these types of fitness devices.[@R22] Other positive themes were goal setting, peer motivation and enjoyability. These findings are consistent with previous studies on healthy populations[@R23] and those with mental illness.[@R17]

We were able to identify challenges faced by participants when using the Fitbit. The two most reported barriers were the inconvenience and inaccuracies in the tracking feature. Previous studies had also found these themes to be barriers in both general populations and mental health settings using similar devices.[@R17] However, in the current study, comments on such barriers seemed more common, with nearly half of the participants quoting one or both concerns. In addition, some individuals found the Fitbit to be unnecessary as they were already aware of their activity levels, while others lost interest due to frustration stemming from a combination of these negative themes. That being said, these barriers did not appear to prevent the majority of the participants from enjoying and deriving benefit from the use of the Fitbit; in fact, many voiced plans to continue its use after the BA sessions. Finally, a potential challenge with Fitbit use was that it may further discourage users with low activity. While two individuals felt discouraged, one participant overcame this feeling and ultimately had a positive experience with the Fitbit. Thus, discouragement is unlikely to present as a common problem.

In an attempt to characterise who might be the most accepting towards the Fitbit, we compared age, baseline BDI scores, pretherapy goals relating to physical activity and familiarity with technology between those who found the Fitbit helpful and those who did not. We also explored these variables in relation to Fitbit usage. No significant relationships were found between these baseline characteristics and perceived benefit or Fitbit usage. These findings suggest that the Fitbit may be useful for patients with varying characteristics.

Additionally, we demonstrated that perceiving the Fitbit to be helpful was significantly related to an increased period of usage. This highlights the importance of ensuring the use of activity tracking for adequate durations and keeping the positive perceptions and barriers in mind as this may have significant impacts on physical activity and weight management in patients with depression.[@R18]

Interestingly, there was no significant relationship between perceived benefit of the Fitbit and per cent change in BDI scores. This contradicts previous literature supporting Fitbit use in treating depression.[@R16] However, it is difficult to interpret these results given that the study was underpowered to test effectiveness and there were several confounders such as combined BA intervention.

Overall, these findings are exploratory and serve as an initial investigation into potential avenues to optimise treatment methods to incorporate activity tracking devices and other technology devices as indicated in the management of depression. These findings should be further studied to determine the effectiveness of activity tracking in managing depression.

Limitations and suggestions {#s5a}
---------------------------

This study was conducted in the setting of an outpatient BA programme. It would be interesting to see if other settings not including a BA component would yield similar findings. As well, since the interviews were not exclusively focused on the Fitbit, opportunities for further in-depth discussions might have been missed. As such, this study may have benefited from more focused discussions regarding Fitbits.

Another potential limitation is that the study restricted activity tracker usage to the Fitbit only, preventing participants from choosing their device of preference. In addition, participants were placed in a controlled environment of Fitbit use; they were not provided access to online accounts or Fitbit chargers, thus limiting the potential of the device. Such restrictions may have created differences in participants' perspectives compared with more pragmatic studies. For instance, the social aspect of the Fitbit seemed less significant than in prior studies, perhaps because patients were discouraged from sharing results.[@R23] Moreover, as lack of motivation is often reported in individuals with depression, there is a possibility that disinterest in the Fitbit may be attributed to the low motivation and not reasons related to the device.[@R25]

Furthermore, it is uncertain whether participants who found the Fitbit helpful had actually increased their number of steps at study completion. As well, testing of effectiveness of the Fitbit in improving depressive symptoms was limited by the lack of a control group, relatively small sample size and the presence of confounders. In the future, larger studies with appropriate control groups are needed in order to explore whether Fitbit use affects number of daily steps or depression severity and whether this change is sustainable.

Lastly, this study and prior literature have focused on patients' perspectives of the Fitbit and similar activity trackers; however, the body of knowledge regarding clinician perspectives is much smaller. Potential next steps may be to determine if clinicians find activity trackers helpful in depression management---for instance, using them as goal-measurement devices.

Clinical implications {#s6}
=====================

While literature supports BA and exercise as a treatment for depression, BA is less represented in evidence-based mental health than other interventions. The findings of this paper aim to inform clinicians and researchers on the implementation of activity trackers in BA therapy in order to promote exercise.[@R8] The current study demonstrates that many patients with depression perceive the Fitbit as being beneficial to their physical activity. Those who found it helpful believed it to motivate them towards engaging in physical activity. However, barriers to Fitbit use suggest that individualised consultation may be warranted. This is further supported by the lack of associations between various patient characteristics and their perceived benefit.
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